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Télécopie : 04 76 61 52 52 - International: +33 4 76 61 52 52




VlK8C*SIOQHJC*LJLJC [ C [ RSAS*C*Y C*KA`f_*H
HJSA_*LJKACVSlOLJC*Y^B*O]?AR [ C*Y_*RfSASIKAC*Y^_*RB^B-CLC^zLJO]bZMT{fC
XzMTb]OQHJ_*KALNMTHJb]CCVOLC^zLJO]bZMT{fC [  C*SAYQCVBsALJC [ C
MTLJB
MTS-CVO [ ÊMTKAO]bQC*YrB*O]?AR [ C*YWHJSIOQb]R [ KAHJOQC*YXhMTbWS8RKAY&7LJC*YzLJOQb]C*YWXhMTbQO]HJ_*KALNMTHJbQCVYiMTK
Y]C*_*RS [ Rb [ bQC
C*OLJC^zLJOQb]C-Y]HS8{KALJHJC*b*RfLK8OQH¨WHJSlO]C*bQXhRL [ C^;MPLJBMTS ,C-sAK8OC*YQO [  *O]K [ HJC*bLJC-_VRB-XhRb]OQC*B^C*SIO
[ C
_*CVYzLJO]bQC*Y [ MPSAYLC^YQ\IYQO]@*B-CY]HJB-XALJC [ C
Rb]C*SAu [ MTS8YUL C*YQXhRHJb [  RfsAOQCVSAHJbUIKAC*LJIKAC*YH [ *C*Y [ C
_*C lK8HWYQC
XAb]R [ KAHJbZMPH [ MPSAYLJC_&MTY [ C"Y]\IYQOQ@VB-C*Y^XALJKAYU_VRB-X8LCV`lCVYrSRfHJOUIKAC
_*C*Y~zLJOQb]C*Y-RfSlO
[ CVYXzCVb¢RfbQBMPSA_*C*Y#YdMTOQHJY¡§MTHJYZMPSIOQC*Y&uBMPHYLJC*Y#SfOQb]C*YRSIOrLÊM&MPSlOdMT{fCiCVSO]C*bQB^C [ C_*RAO [ C_MTLJ_*K8L§
C*LNM!C*YQOrb
MPLJHY#{bP_*CMTK^_*RSA_VC*XAO [ C#OQHJbdMT{C#C*`AMP_*OWMTK^YQC*_*RfS [ Rb [ bQCCVOLNM#_*RfbQb]C*_*OQHJRfS"Y
*LJC*_VOQHJC




§MTHJsALJC¥V²WRfKAYUM&fRSAY*{IMTLJC*B-CVSlO#HJSIOQb]R [ KAHJOiL KAO]HLJHJYZMPOQHJRS [ KMT_*O]C*KAbRfKAsALJHuIKAH7XhC*KAO
b]C*SI¢RfbQ_*C*b [ Cr§M *RS
SARfOZMPsALJCWLNMY]OZMPsAHJLHJO [ C*YzLJOQb]C*Yu [ MPSAY_*C#_*RSIO]C*`IOQCSARfS
LHJS&MTHJbQC
! ®h  ¬  "#  °rYQY]HB^HJLMPOQHJRS [ C [ RSAS*C*Y°O]OQbZMP_*OQCVKAbFI\IYQO]@*B-C [ \ISzMTB^HIKAC#SARfSLJHJSMPHJbQC³HJL¨






>?ACXAKAb]XzRfYQCRTUO]?AHJY-Rb]HJY^OQRXAb]RXhRYQCYQRfB-C"Y]C*IKAC*SIOQHNMPL [ MTOZM MTY]YQHJB-HJLNMTO]HRTSB^C*OQ?8R [ YMTS [
HJSIC*Y]OQHJ{lMPOQC^OQ?AC*HJbszCV?zM&IHRfbUMTS [ MTLJYQR"O]?zMTORTWY]RB^CROQ?8C*bUISARTSB^C*OQ?8R [ YuHJSOQ?AC^_*RSIO]C*`IOURP










RfSlO]CdQMTbQLJR [ bdM&HS8{"OQR"B^HJB-H _!OQ?AC^YQOZMPOQHJYQO]HJ_MTLszCV?zM&IHRfbRTWO]?AC-Y]\IYQOQCVB">?8C*\O]?AC*b]Cd¢Rb]C
?zM&fC"YQRfB-C"Y]HJB-HJLNMTbQHJO]HCVYU?AHJ_d?HJLJLWshC"BM [ C
_*LJCMTb& rKAb^zLJOQC*b]Y?hM&C"shC*C*S [ C*fC*LJRXhC [ HJO]?
MPXAXALJHJ_MTO]HRfSAY-O]RB^C*OQC*RfbQRfLRf{\MTS [ RI_*C&MTSARf{bZMPXA?I\HJSB-HJS [ YQROQ?hMTO-O]?AC_*RY]O
§MT_VOQRb^HJYM sAHJ{
_*RfSA_*C*b]S £NYQHJSA_VC-OQ?8CYQOZMPOQC^YQXzMP_*C-?zMPYUM











B^R [ C*Li£1RfbQC*SAfuiv&nyfk¥*>?AHJYB-R [ C*L
HJY [ C*YQ_*b]HJszC [ Y]HJB-XALJ\sI\"MTS"Rfb [ HJSzMPbQ\




MTHJS^¢CMTO]KAbQCVYURPiM-S8RSALJHJSACMPb [ \lShMTB-HJ_*Y&#OQ?ACCV`lHJY]OQC*SA_VCRP MPS MPOQO]bZMT_VOQRbMTS [ _d?zMPRY^>?AC
zb]YQO#B-C&MTSAYO]?zMTOO]?ACYQ\IY]OQC*B YQOZMPOQCHJS
OQHJB^CiHJLJL%MTX8XAbQRIMT_d?"MYQXhC*_*HNMPL%YQK8sAYQC*O#RP<O]?ACXA?zMTY]CYQXhMT_*C
_MPLJLC [ MTOQO]bZMP_*OQRfb MPS [ O]?AHJY7?zMPXAXzCVSAY b]C*{lMPb [ LJC*Y]Y RP%OQ?ACHJSAHJO]HMPLIYQOZMPOQC£NXAb]RTlH [ C [ OQ?zMPO7HJO7HJY7SAROO]R#§MTb
¢b]RBO]?ACUMTO]OQbdMT_*O]RbZ¥V#>?ACY]C*_*RS [ B^CMTSAYO]?zMTOrO R^SACMPbQsI\
YQOZMPOQC*Y&u?ARTC*CVbi_VLRfYQCuhHJLJL [ HJfC*bQ{fC






MPYQYQHJB^HLNMPOQHJRSHJS"O]?AC ,Rb]C*SAY]\lY]OQC*B HJYWHJSIC*Y]OQHJ{lMPOQC [  WRTC*fC*buhOQ?8C*YQCMTKAO]?ARb]Yr¢RI_*KAYWRfS"OQ?8CUC*`f
O]C*S [ C [ MTLJB
MTSrzLJOQC*b]Y MPS [ OQ?8CWMTb]HNMTOQHJRfSASzMTLfB-C*O]?AR [ Y7?AHJLJC Cr?AC*bQC ¢RI_*KAY7RfSSAC*C*bYQOQRI_d?zMPYQOQHJ_
O]C*_d?ASAHJIKAC*Yr£!rRT C*fC*bu8 Cr?zM&CrszCVC*S"bQCV_*C*SIOQLJ\M&MTb]CWRPOQ?8CiXhMTXhC*bRT"fC*SAY]C*S%u%v&nnfoAufHS^?AHJ_d?
O]?ACMTK8OQ?ARfbUY]OQK [ \ ?AHJYC*SAY]C*BsALJC-MTLJB
MTSzLJOQCVbKAYQHJSA{M"Y]HJB-HJLNMTb [ CVYQHJ{Sz¥V RbQC
HJB-XhRb]OZMPSlO]LJ\lu







YQCV_*OQHJRS HJSIOQbQR [ K8_*C*Y"O]?ACY]C*IKAC*SIOQHNMPL [ MTOZM
MPYQYQHJB^HLNMPOQHJRS ¢bZMPB-C*Rb]iMTS [ XAb]RTIH [ C MrsAbQHJCdzb]C*IHJC*RTzO]?AC S8RSALJHJSACMPb%RX8OQHJBMPL&zLJOQC*b&uTOQ?ACXhMTbQO]HJ_*LJC
zLJO]C*b MPS [ OQ?ACC*S8YQC*BsALJCMTLJB
MTS
zLJO]C*b
FIC*_*O]HJRSk^HJSlO]bQR [ KA_VC*YUY]RB^CUSACV+hLO]C*bQYMTS [ MPLY]R
OQ?AC
KAY]C#RT%OQ?8CW1RbQ{fC*OQO]HJSA{#§MP_*OQRfb MPS [ MPS [ MTS
M [ MPXAOZMPOQHJCY]_MTLJCr¢RbOQ?AC#Rs8YQC*b]MTOQHJRfSC*bQb]Rb_*RTMPbQHNMTSA_VC
B
MTOQb]HJ` FIC*_*O]HRfSD#XAbQRTIH [ C*Y7Y]RB^C7YQHJBKALNMTO]HJRS#bQC*Y]KALJOQY7shMTYQC [ RSOQ?8CWRb]C*SAB^R [ C*L>?ACXzMPXzC*bHY
_*RfB-XALJC*O]C [ HJO]?M!_*RSA_VLK8YQHJRS"MTS [ MTS







	 " * 	
 
%
 &	 	 &	
" *
¦CY]?zMTLJL M [ RXAO!OQ?AC^YZMTB^CUS8ROZMPOQHJRS8Y;MPYHJSa?zMPB %	
£QvnfnwfMAu7v&nnwPsz¥*u?AHJ_d?"1RLJLJRTYiO]?zMTO
XAb]RXhRY]C [ HJS
e [ CW£Qv&nnfm¥*RS8YQH [ C*bO]?ACXA?I\IYQHJ_MPLYQ\IYQO]C*B [ C*Y]_*bQHJshC [ sI\
! #"$&%(')*+,+%-'./10 3254768
?ACVbQC   . M-fC*_*O]Rb#bQC*X8bQC*Y]C*SIOQHJSA{OQ?ACO]bQKACY]\lY]OQC*B¤Y]OZMTO]C-MTO#OQHJB^C  u "$39&),. HJYM£ÙSARS8LHJSAC&MTbZ¥
RfXzC*bdMTO]RbWCV`lX8bQC*Y]YQHJSA{
OQ?AC!YQ\IYQO]C*BOQbdMTSAY]HO]HJRS1bQRB OQHJB^C 9 OQROQHJB^C  MTS [ 0 HJYOQ?AC!YQ\IYQO]C*BSARHJY]C
fC*_*OQRfb°OCMT_d?
OQHJB-C   uARfSAC#RsAY]C*bQfC*Y
:!;  #<      />=  3254 2&







LJHJSACMTb!_MTY]CuOQ?AHJYXAbQRfsALJC*B ?zM&fCszC*CVS_VRB-X8LCVOQC*LJ\YQRLJfC [ sI\OQ?8C-C*LJL ISARTS ;MPLJBMTS
zLJO]C*b
eSO]?ACSARS8LHJSAC&MTb#_MTY]CuRS8CRT¢O]C*SLJHS8CMTb]HVC*YOQ?8C-B-R [ CVL<MPbQRfKAS [ OQ?8C_*KAbQb]C*SIOUCVYQOQHJB
MTOQC [
Y]OZMTO]C"CV_*OQRfbu?AHJ_d?\IHJC*L [ YHJSO]?AC"Y]R_MTLJLJC [ CV`lO]C*S [ C [ MTLJB
MTSzLJOQCVb"£NYQCVC
¢RbCV` MPB-XALJC B#?8HL
MPS [ "MPSzMTLJRfOQOQC ¡g HV*RLJHuzv&nn8vu&¢Rfb [ C*OZMPHLN¥VWRTC*C*b&uIOQ?AHJYzLJOQC*b&uAshC*YQH [ C#shC*HJSA{YQKAshRXAO]HJBMTLuTB
M&\
XAb]R [ KA_*CHJSAYQOdMTsAHJLJHJOQHJC*YRTC*CVS [ HJC*b]{C*S8_*C£N#KAY]?ASAC*b&uUv&nyfoAu<C*SAY]C*S%uvnfnxAuBMTK8OQ?AHJC*b  
Ju







>?8C SAHJ_*C1CMTO]KAbQCRP O]?ACMTLJBMPSWhLO]C*b7HJYHJOQY7_*LJRfYQKAb]CWMTOOQ?ACY]C*_*RfS [ Rfb [ C*bB-RB^C*SIOQY&u*B-C&MTSAHJSA{
O]?zMTOO]?AC#zLJOQCVbC*RfLK8OQHJRS^HYK8SAHJlK8C*LJ\ [ C*O]C*bQB^HJSAC [ sI\HO]YYQC*_VRS [ Rfb [ CVbW_d?zMTbdMT_*O]C*bQHJY]OQHJ_*Y>?AHJYSAR
LJRS8{C*b?ARL [ Y¢Rfb%OQ?8C RfXAOQHJBMPLS8RSALJHJSACMPbzLJOQCVbeOQYC*RfLJKAOQHJRS#_MPSUshC [ C*OQCVbQB-HJSAC [ RSALJ\#OQ?8bQRK8{?UMPLL
HJOQYB^RB^C*SIOQY7_d?zMPbZMT_VOQC*b]HY]OQHJ_*Y&uzRfbB-RfbQCiMPXAXAb]RXAb]HMPOQC*LJ\O]?AbQRfKA{?"M [ C*SAY]HO\~¢KASA_VOQHJRS%7F XzC*_VH h_MTLJLJ\lu
HJSAY]OQCM [ RP MTSMPSzMTLJ\IYQHJYrC*_*O]Rb (DE   MTS [ HJO]YWC*b]bQRb!_*RTMTb]HMPSA_*CB
MTO]bQHJ`GF D&   MPOiO]?ACOQHJB-C   u
RfSAC
SARTSAC*C [ YMPS 8H 
JILKMK [ C*SAYQHJO\ ?AHJ_Z?HJYOQ?AC
_*RfS [ HJOQHJRShMTL [ C*SAY]HO\ [ HJYQO]bQHJsAKAO]HRfS¢K8SA_*OQHJRfSN DEOQPR: ;' )48484)S: ;  RTWOQ?8CY]OZMPOQC
C*_VOQRb{fHJC*SMPLLXzMPYQORsAY]C*bQMPOQHJRSAYKAXOQR OQHJB-C    F HB^HJLMPbQLJ\u
HJSAY]OQCM [ RT7M!¢Rb]C*_MTY]OWY]OZMTO]CCV_*OQRfbiMTOO]HJB-C   MTS [ HJO]YWC*b]bQRbr_*RTMTb]HNMTSA_*C#B
MTOQb]HJ` uPRSACS8RT4SACVC [ Y
MUT3VW+XK [ C*SAY]HO\Iuh?AHJ_d?"HJYWOQ?8C_*RS [ HJOQHJRSzMPL [ CVSAYQHJO\ [ HJYQO]bQHJsAKAO]HRfS




[S\] >?AC ¢Rb]C*_MTY]OQHJSA{YQO]C*X% rSAC#_*RfB-XAK8OQC*YOQ?ACr¢RfbQC*_&MTYQO [ C*SAYQHJO\HJS-O]C*bQB RT%O]?ACMTSzMPLJ\lY]HJY [ CVSAYQHJO\
£¢MPOWOQHJB^C  &%('  uKAY]HJSA{-O]?ACUB^R [ C*LC*IKzMPOQHJRS£1xAJv¥VW°rYQY]KAB-HJSA{CBMPKAYQY]HNMTS"Y]\lY]OQC*B SARHJY]C#¢Rb
YQHJB-X8LHJ_*HJO\IuTOQ?8C_*RS [ HJOQHJRSzMPL [ C*SAY]HJO\-RT7O]?ACYQOdMTO]CC*_VOQRbrOQRshCUMTO_^-MPOWO]HB^C   {HJCVSO]?zMTO
HJOHYMTO  MTOO]HJB-C  &%(' HJYa`  ^ PE"$  )* +%-' ,b) ?   ?AC*b]C
`  ^ P&cd)efb ghEi(jJk 'l  ^ k cmon_e %('  ^ k cmopq r gts o2+u-ef
vQw&(vQx
m
£ n [ C*SARfOQHJSA{OQ?8CUO]bZMTS8YQXhRYQC&¥WHJYO]?AC [ C*S8YQHJO\£¢MTO ^l¥ RT MBMTK8YQYQHNMPSfC*_*O]RbWRP7B-CMPS c MTS [
_*RTMTb]HNMTSA_*C#B
MTOQb]HJ` e >?IKAYu
N Y OQP : ; ' )84484Z): ;&%('    ` SOPE"$ )*+%-',b) ? + N D   PE: ;' )4844Z)S: ;+%-'  N  3254 &
[S\3\S] >?AC_VRbQb]C*_*O]HRfS"£NRfb MTSzMPLJ\lY]HJYZ¥YQO]C*X%RS8C_*RB^XAKAOQCVYO]?ACWMTShMTLJ\IYQHJY [ C*SAY]HO\IuT?AHJ_d?%uP¢bQRfB  M&\fC*Y
bQKALJCMTS [ O]?AC#RsAY]C*bQMPOQHJRS
C*IKzMPOQHJRS£¢x8 xf¥MTY]YQKAB^HS8{UMT{IMTHJSGBMPKAYQY]HNMTS-S8RHJYQCuIHJY{fHfC*S-sI\
N D Q P : ; ' )84484)S: ; b N+Y Q P&: ;' )84484Z): ;&%('  ` Q:  PE<  b) @   N Y  ^ P&: ; ' )4844S): ;&%('  ` Q:  PE<  ^ ) @   N ^ 4 3254 E
>?8CiX8bQRs8LCVBHJOQ?
OQ?ACMPszRTfCW1RbQBK8LMrHJYOQ?8CiS8C*C [ C [ HSIO]C*{bdMTOQHJRfS-HJOQ?
bQCVYQXhC*_*O#OQRO]?AC#YQOZMPOQC
fC*_*OQRfb
³AK8bQOQ?8C*bQB^RbQCOQ?8CHSIO]C*{bdMTOQHJRfSHJS£¢xAÊkf¥bQCVlK8Hb]C*YOQ?ACC*MPLJKzMTO]HRfS"RT "$  )* &%(' , ¢Rfb;M








>?ACshMTYQHJ_H [ CMHJYOQR#MTXAX8bQRT`IHJBMTO]COQ?ACWMPSzMTLJ\IYQHJY [ HY]OQb]Hs8KAOQHJRSMTO%O]HJB-C  &%(' sI\;M [ HJY]_*bQC*O]C [ HJYQO]bQHJsAKI
O]HRfS-LJRI_MTO]C [ MTO"! />6 YQOZMPOQC*Y (D '  &%('  u&&u (D#%$ '  +%-'  HJOQ?-X8bQRshMTsAHJLJHJOQHJC*Y'& ')( &%(' u&*& #%$ '%( +%-' uO]?zMTOHJY7OQRUMPXAXAb]RT`lHJB





MTS [ _*Rb]bQC*Y]XzRfS [ OQR OQ?AC [ HY]_*bQCVOQC [ HJYQO]bQHJsAKAO]HJRSszMPYQC [ RSO]?ACXhRHJSIOQY
"$  )* +%-' *(D+  +%-'  HJOQ? BMTY]YQC*Y,& + ( +%-' u.-  6 u&&u/! /#6 	rRT CVC*b&uH¨<O]?ACYQ\IYQO]C*B SARfHJYQCHYXAb]C*YQCVSlO&uOQ?AC!¢KAS8_*OQHJRS £¢xAÊkf¥HJYMT{lMPHJS_VRSIOQHJSIKARK8Y>R^RsAOdMTHJSM [ HY]_*bQCVOQC [ HY]OQb]Hs8KAOQHJRSuzCYQ?zMPLL
b]C*YQRfbQOO]R-
RSIOQC ¡MPbQLJR [ bdM&HJSA{z¦C [ bdM&0! /#6 bQCMPLHJMPOQHJRS8Y 0 '%(  u&&u 0 #)$ '%(  RP MBMTK8YQYQHNMPSbdMTS [ RfBCV_*OQRfb HJOQ?^*C*b]RB-CMPS MPS [ _*RTMPbQHNMTS8_*CWB
MTOQb]HJ`?  >?ACVS-OQ?8C [ HY]OQb]Hs8KAOQHJRS [ CdzSAC [ sI\
O]?AC [ C*S8YQHJO\£1xAÊk¥_MTS
shCUMTX8XAbQRT`IHJBMPOQC [ sI\OQ?8C [ HJYQ_*b]C*OQC [ HJYQOQb]HJsAKAOQHJRfSLJRI_MPOQC [ MTO
 Y+   ! #"$  )* +%-' , D  +%-' (/ 0 + (  ) -  6+)84484Z) ! / 6&) 3254 1&
HJOQ?OQ?8CUYdMTB-C#XAb]RszMPsAHJLJHO]HJC*Y& ')( &%(' u&*& #%$ ')( &%(' #>?ACSAC* MPSzMTLJ\IYQHJY [ HJYQOQb]HJsAKAOQHJRfS%u [ CdzSAC [ sI\£1xA Dl¥VuIOQ?AC*S




& + (   & + ( &%(' ` Q:PE< (D+ +t) @ +2 #)$ '354 ' & 3 ( &%(' ` Q: PE<  D3 +) @ + ) -  6&)4844Z) ! / 6+4 3254 6&
>?8HYHJYOQ?AC!szMTY]HYRPO]?AC#XzMTb]OQHJ_*LJCrzLJOQC*b&`IXALJHJ_*HJOQLJ\IuTHJORXhC*bZMPOQC*Y#MTY¢RfLLJRTY
[S\]87 HLMQM 
7M:9QMQVH rSAC [ bZM&Y! / 6 YQOZMPOQC*Y£N?ACVSA_*Cd¢RfbQO]?_MPLJLC [ XzMPbQOQHJ_*LJC*Yd¥ (D ' ); u%&&u (D#)$ ' );MT_*_VRb [ HS8{OQRMTS =< WMQV WM [ HY]OQb]Hs8KAOQHJRS MTS [ Y]C*O
OQ?ACXAb]RszMPsAHJLHJO]HCVY>& '%( ;) 4844t) & #%$ ')( ; OQR6@?5 ! / 6 %eSXAbdMT_*O]H_VCuCbQCV_*RB^B-C*S [ _*RfSAYQO]HJOQKAO]HS8{;MrLNMTb]{C [ MTOdMrszMTY]C*Y7RTYQOdMTO]C*Y7Rs8OZMTHJSAC [




[S\3\S]  VW+XKQr°O#OQHJB-C   uB^RTC#OQ?ACXzMPbQOQHJ_*LJC*Y#O]R  Y+    [ CdhSAC [ sI\£¢xAÊmf¥*uhC*CVXAHJSA{
OQ?ACYZMPB-CXAbQRfszMTs8HLJHJOQHJC*Y&
[S\3\o\S] H 
JILKMK& #M&lHJSA{#RfsAYQC*b]C [ : ; ufRSAC_VRbQb]C*_*O]YOQ?ACrXAbQRfszMTsAHJLJHJOQHJC*Y7MT_V_*Rb [ HJSA{OQR
£¢x8Êy¥MTS [ Y]C*O(D+ O]R  Y+ >?ACMTSzMPL\IY]HYYQOdMTO]C_MTS
shC#RsAOdMTHJSAC [ MTY
 D E! #)$ '+@4 ' & + ( 
Y+ + 3254 &
MTS [ HJOQYCVbQbQRfbW_*RTMPbQHNMTS8_*CWB
MTOQb]HJ`UsI\
F D   ! #%$ '+ 4 ' & + (  j 
Y+    k  D    p j  Y+    k  D   op n 4 3254 &
WRTC*CVbufOQ?AC*Y]CW_*RfB-XAK8OZMTO]HJRSAYMTbQCS8RO7SACV_*C*YQYdMTb]\¢RbOQ?8CzLJOQCVb7RXhC*bZMPOQHJRS%>?ACY]C*O7RP XzMPb
OQHJ_*LJC*Y7MTS [ HJOQY7MPYQYQRI_*HNMPOQC [ XAb]RszMPsAHJLJHO]HJC*YHJS§MP_*OXAbQRTIH [ C MrB^RbQC_*RB^XALJC*OQC7X8H_VOQKAb]CWMTshRKAOOQ?AC
YQOdMTOQC#RP%OQ?ACrYQ\IYQO]C*BrSAC#_MTS-MPLY]R_*RfB-XAKAO]COQ?ACr¢RfbQC*_&MTYQOCV_*OQRfb MPS [ HJOQYC*b]bQRb_*RTMPbQHNMTSA_VC
BMPOQbQHJ`YQHJB-HJLNMTb]LJ\lu&sAKAOWMP{lMPHS^OQ?AHJYHJYSAROSACV_*C*YQYdMTb]\l
>?8CiMTshRTC [ C*YQ_*b]HJXAOQHJRS
_*RfbQb]C*YQXhRS [ YWOQR!OQ?AC#YQHJB^XALJC*YQO¢RfbQB RTOQ?ACrXzMTb]OQHJ_*LJCzLJO]C*beS^XAbZMP_*OQHJ_*C







XzMTb]OQHJ_*LJC*YOQC*S [ OQR"shC*_*RfB-C [ HJYQXhC*bQY]C MPS [ ?AC*S8_*C"M"LJRO!RTWOQ?8C*B
RKAL [ bQC*_*CVHfC#SAC*{LJHJ{HJsALJCXAb]RszMPsAHJLJHO\
£NshC*HJSA{!§MTb¢b]RBO]?AC#OQbQK8CiY]OZMPOQC¥V7>?IKAYRS8L\!¢C* XzMTb]OQHJ_*LJC*Y
C+C*_*O]HJC*LJ\XzMPbQOQHJ_*HJXzMPOQCHJSUO]?ACzLJOQC*bRXhC*bZMPOQHJRS%gCVYZMTB^XALJHJSA{HJYXhC*b¡¢Rb]B-C [ OQRUM&fRH [ O]?AHJYeSAYQO]CM [
RP YQC*O]OQHJSA{ (D+    O]R  Y+    OQRhuhRSACb]C [ bdM& ! / 6 XzMTb]OQHJ_*LJC*YMT_*_VRb [ HS8{-OQR^OQ?ACMTShMTLJ\IYQHJY [ CVSAYQHJO\£1xA Dl¥rMTS [ b]C*YQCVOOQ?ACXAb]RszMPsAHJLHJO]HCVYOQR 6 ?L ! / 68 r>?AC*b]CUHJYiM~XAHJO§MPLJL%OQ?8RKA{f?%iF HS8_*COQ?8HY [ CVSAYQHJO\
HJYM_*RfSIC*`
_*RfBsAHJSzMTO]HRfS-RPprHJbZMP_#¢KAS8_*OQHJRS8YuRfSACUMT_VOQKzMPLLJ\ [ bZM&Y>! /#6 XzMPbQO]H_VLCVYiRfKAOWRP MY]C*O
RP OQ?AC!YZMTB^C#SlK8BszC*bRP7C*LJC*B-C*SIO]YuhYQR^OQ?zMPORSAC{fC*OQYMLJROrRT7H [ C*SIOQHJ_MPL%XzMPbQO]H_VLCVYe1 O]?ACY]\lY]OQC*B
SARfHJYQCWHJYXAbQCVYQC*SIOu8OQ?AHJY7B
M&\SARfO shCWfC*bQ\Y]C*bQHJRK8Y Y]HS8_*C#OQ?AC*\HJLJLAshCWY]C*XzMTbdMTO]C [ sl\O]?ACiM [A[ HJOQHJRfSURP





XAb]RXhRY]CUO]RbQC [ bdM& OQ?AC!XzMTb]OQHJ_*LJCUMT_V_*Rb [ HJSA{H V  3V  
	EMK.X W  	EMKQWM QMQVH
LJRI_MTO]C [ MTO  Y '    u
&&u  Y#)$ '    HJOQ?XAb]RszMPsAHJLJHO]HJC*Y& '%(  u&&u& #)$ '%(  u  oV GXtVH QMH+V K	EMKQWM QMQVHHJOQ?M[ CVSAYQHJO\IWY]HJSA{OQ?AC#XhRXAK8LMPbC*b]SAC*L [ C*S8YQHJO\-C*Y]OQHJBMPOQHJRSB^C*OQ?8R [ £ÙYQC*C#1RbC*` F HLJfC*bQB
MTS%uAv&nwfy¥*u
C#XAbQRfXzRfYQCO]ROZMTfCMTYOQ?8HY [ C*SAYQHJO\
N D   PE:!;' )48484.)+; b #)$
'

+ 4 ' & + (  ` j  k 
Y+   P-) l F D    p
?ACVbQCfF DE+ HJY MTYHS"£1xAÊo¥MTS [  HJY M#O]KASAHJSA{XzMPbZMPB-C*O]C*b>?AC*S [ bZM&HJSA{ ! / 6 XzMTb]OQHJ_*LJC*Y MP_*_*Rb¡
[ HJSA{!OQRO]?AHJY [ CVSAYQHJO\HJY7OQ?8CWYZMPB-C [ bdM&HJSA{>! / 6 C*LJC*B-CVSlO]Y71bQRB±OQ?ACrYQC*O  Y '   ) 4484Z)b Y#%$ '   
vQw&(vQx
o
HJOQ?X8bQRshMTsAHJLJHJOQHJC*Y/& '%(  uz&&u& #)$ '%(  ufOQ?8C*S-M [A[ HS8{;MrbdMTS [ RfB+XhC*bQO]KAbQshMTOQHJRfS  + (  uz£ -  6+)_4844Z) ! /6 ¥*uA?hM&lHJSA{!*C*bQR^B-CMPSAYMTS [ _*RTMPbQHNMTSA_VCiB
MTO]bQHJ`  l F DE  
²rRO]COQ?zMPOb]C*YZMPB-XALJHJSA{rHYRSALJ\SACV_*C*YQYdMTb]\H OQ?8CYQC*ORTXAbQRfszMTs8HLJHJOQHJC*Y %& '%(  )_48484) & #%$ ')(   [ HC*bO]RlRBKA_d? ¢bQRfB O]?AC-K8SAH¨¢Rb]B XAb]RszMPsAHJLHJO]HCVY
°WYB-C&MTYQK8bQCRTWO]?AHJY [ HJYQ_VbQC*XzMPSA_*\Iu7C-XAb]RXhRY]C-OQR
OdMTC#O]?ACC*SIOQb]RXI\ [ H C*b]C*SA_*C
  & '%(  )84484Z) & #)$ '%(  b   ! /#6/ #)$
'

+ 4 ' & + (   & + (  4






   	  '









MTOQb]HJ`-HJY_*RB^XAKAO]C [ ¢b]RB OQ?AC!¢Rb]C*_MPYQO#C*bQb]Rb#_*RTMPbQHNMTSA_VCiB




Juv&nnwf¥*uTO]?ACMTSzMPL\IY]HYYQO]C*XHJYXhC*b¡¢Rb]B-C [ sI\ #]_*RfbQbQCV_*OQHJSA{%$
O]?ACC*SAY]C*BsALJC#YQOdMTOQCVYWOQ?8C*B-Y]C*LJC*YWMPS [ SARfOOQ?ACMTSzMPL\IY]HYYQOdMTO]CUMTS [ HJYOQ?IKAYWY]HJB-HJLNMTbOQRRfKAbYQC*_VRS [
Rfb [ C*bXzMPbQOQHJ_*LJC!zLJOQC*b&u [ C*YQ_*b]HJszC [ szCVLRT^³ARfbiC&MT_d?C*SAY]C*BsALJCUY]OZMPOQC  Y+ E £ÙOQ?ACS8ROZMPOQHJRSHJY#OQ?ACYdMTB-CMPYWHJS"XAb]C*IHRfKAYWY]KAsAY]C*_*OQHJRfSz¥*uO]?AC_*Rb]bQC*_*O]HJRSHY#MT{IMTHJS-XhC*b1RbQB^C [ MPYWHJS"OQ?8CMTLJBMPSzLJOQCVbu
sAK8O7HJOQ?O]?ACRsAY]C*bQMPOQHJRS : shC*HJSA{M [8[ C [ MWS8RHJYQCC*_VOQRb = + (  ?zM&IHS8{W*C*b]R#B-CMPSUMTS [ _*RTMPbQHNMTSA_VC
B











   V±	
q& 
U
>?ACXzMPbQOQHJ_*LJCB-C*O]?AR [ bQC*IKAHJbQCVYMfC*bQ\LNMPbQ{C SlK8BszC*b^RTUXhMTbQO]HJ_*LJC*Y-HJSRfb [ C*b OQRMPXAXAb]RT`lHJB
MTOQC
M [ C*IKzMTO]C*LJ\M_*RSIOQHJSIKARfKAY [ HJYQO]bQHJsAKAO]HRfSsI\M [ HY]_*bQCVOQCRSACu C*YQXhC*_*HNMTLJLJ\HJSM?AHJ{? [ HJB-C*S8YQHJRSzMPL
Y]OZMTO]C"YQXhMT_*C RSIOQCdQMTb]LJRO]C*_d?ASAHJIKAC"?zMPYSARO]RbQHJRfKAYQLJ\YQLJRT_VRSIC*b]{C*S8_*C"HJOHJYRTiO]?AC
Rb [ C*b
6 ?L ! /$6 ?AC*bQC ! /$6 HJYOQ?AC
SIKABshC*bURP [ bZM&HJSA{fYFIHJSA_*C ! _MTS8SAROshC"CVbQ\?8H{f?%u [ KAC
OQR
_*RfB-XAK8OZMTO]HJRSzMPL_*RfYQOufLNMTb]{CYZMTB^XALJHJSA{ zKA_*O]KzMTO]HJRSHYKAShM&RH [ MPsALJC%FIXhC*_*H¨z_&MTLJLJ\lu&OQ?8CYZMTB^XALJC7B-C&MTS
MPS [ _*RTMTb]HNMTSA_*CB
MTO]bQHJ`
RTOQ?AC (D+    _MPSshC§MTb;¢bQRfB OQ?8COQ?AC*RfbQC*O]HJ_MTLB^CMTSMPS [ _*RTMPbQHNMTSA_VCB













MTOQb]HJ`-BMPOQ_d?AHJSA{C*`AMP_*OQLJ\OQ?ACHJSlO]C*S [ C [ OQ?AC*RfbQC*O]HJ_MTLRSACVY²rROQCOQ?hMTOH¨
O]?AC-B^R [ C*L7HJYLJHJSACMTb&u%RfSALJ\"YQCV_*RS [ Rb [ C*bB-RB^C*SIOQY#MTbQCS8C*C [ C [ O]R"_*RS8YQOQb]KA_*OO]?ACRXAO]HJBMTL£ÙH§ C
MTLJB
MTSz¥hLO]C*bu8OQ?ACVbQCd¢RfbQCY]HJSA_*CCMTLJYQR MPSIO RfKAbzLJOQC*bO]RXzCVb¢RfbQB  C*LJLHJS-LJHJSACMPb B^R [ C*LJYuIHJOHY
SzMPOQKAbdMTLOQRbQC*IKAHJbQC!OQ?ACUMPszRTfCW_*RfS [ HJOQHJRfS%
 "	 
 ' 	  '    
RfSAYQH [ C*b!OQ?AC~¢Rb]C*_MTY]OYQOdMT{fCHSOQ?8C-XzMPbQOQHJ_*LJCzLJO]C*be1WO]?ACXzMPbQOQHJ_*LJC (D ' +%-'. u&&u (D#%$ ' &%('.?zM&fC
YZMTB^XALJC-B^CMTSMTS [ _*RTMTb]HMPSA_*C
BMPOQb]H`BMPOQ_d?AHJSA{"CV` MP_*OQLJ\ OQ?AC"O]?AC*RfbQC*O]H_&MTLWRfSAC*Y&uSzMTB^C*LJ\
(D5 &%('  MTS [ F DE +%-'  uOQ?ACVSHJSOQ?8C_&MTYQC RT;M LJHJSACMTbB-R [ CVL§uO]?AC^¢Rb]C*_MPYQO [ HY]OQb]Hs8KAOQHJRS ?zMTY
B^CMTS
 Y     6! / 6
#)$ '
+@4 ' 
Y+   k t)  Y+   k b "$  ), &%(' * D+  &%('   54768
MPS [ _*RTMTb]HMPSA_*C#BMPOQb]H`
F Y   6! /#6
#%$ '
+@4 ' j 
Y+  k  k  Y  p j  Y+  k  k  Y  p n / ?  4  54 2&
e1OQ?ACB-R [ CVLHJY#SARfSALJHS8CMTb&uzO]?AC-MTshRTC;¢Rb]BKALNMHYrRSALJ\"MTX8XAbQRT`IHJBMPOQCu8sAKAORfSACU_&MTS [ R
SARO]?AHJSA{
MPszRfKAO7HJO7C*`I_*C*X8O HJSA_*b]CMTY]HJSA{ ! ¢RbszC*O]OQC*bMTX8XAbQRT`IHJBMPOQHJRSr¢Rfb?8H{f?AC*b!IrRT CVC*b&uHJSMTLJLA_MPYQC*Y&uIOQ?AC
MPszRTfCBMTO]bQHJ`#HJLL [ HC*b¢b]RB±YZMTB^XALJC7_*RTMPbQHNMTSA_VCBMTO]bQHJ`#RTOQ?ACXhMTbQO]HJ_*LJC*Y  Y ' + uz&&u  Y#)$ ' + uMPY [ CdzSAC [ sI\£¢x8Êm¥*uIshC*_MPKAYQC!RTYdMTB^XALJHS8{	zKA_*O]KzMTO]HJRS
HJS
RfSlO]CdQMTbQLJR [ bZM&HJSA{h
>RRTC*b]_*RB^COQ?AC MPszRTfC7XAb]RsALJC*Bud C7HJSIOQb]R [ KA_*C7O]?AC_*RSA_VC*XAORTLK tXVH 	 VW 	 ZW  X5K
	 < 
MH 
>?ACYZMTB^XALJC 0!'%(  uI&&u 0 #)$ '%(  ¢bQRfB4MaB!MTKAY]YQHNMTS [ HJYQOQb]HJsAKAOQHJRfSiRPA*C*bQRrB-CMPSiMPS [ _*RTMPbQHNMTSA_VCB
MTO]bQHJ`?  HYYZMPH [ O]RUshCY]C*_*RS [ Rb [ C*bWCV` MP_*OH¨HJOYZMPOQHJYhC*Y
6! /d6
#)$ '
+@4 ' 0 + (   ()
6! /d6
#)$ '
+@4 ' 0 + ( 0 n+ (   ? L4
e17RS8CW1KAbQO]?AC*bWHJSIOQb]R [ KA_*C*YrOQ?AC#LJHJSACMPb _*RfSAYQO]bZMPHSIO]Y
#%$ '
+ 4 ' 0 + (  j 
Y+   k  k  Y   op n    54 &
O]?AC*S-HJO_MPSszCfC*bQH¨zC [ O]?zMTOOQ?ACXzMPbQO]H_VLCVY  Y '  uA&&u  Y#)$ ' E ?zM&CYdMTB-X8LCB-CMPSAY  Y + MTS [YdMTB-X8LCr_*RTMTb]HNMTSA_*C#B




MH 8WaXVHLKQW MH QK¦C#B-CVSlO]HJRS-?8C*bQCRSALJ\O]?zMTOO]?AHJYWHJYXzRfYQY]Hs8LC!H 7MTS [ RfSALJ\-H¨O]?ACbZMPSA
RTOQ?AC
_*RTMPbQHNMTS8_*C#BMTO]bQHJ` ?  XALJKAYOQ?zMPORTOQ?AC_VRSAY]OQbZMPHJSlOB
MTO]bQHJ`
   k b j  Y '   k  k  Y    O8O8O  Y#%$ '   k  k  Y    p  54 7
vQw&(vQx
n
[ RIC*YrSAROCV`l_VC*C [ !I





 D +  d Y /    j :!; k <  Y Eop)  54 E
O]?AC*S
sI\ULJHJSACMPbQHJ*HJSA{O]?ACWRfXzC*bdMTO]Rb <  MTY <   Y   ! <      L/  j  Y    k     op ufHJOQYC*bQb]Rb_*RTMPbQHNMTS8_*C#BMTO]bQHJ`_MTS
shCYQC*CVS"OQRshC
F D      k       F Y    k       n /    @    n  4  54 1&
FIHJSA_VCWOQ?8CiMTShMTLJ\IYQHJY7CV_*OQRfb Y]?ARKAL [ shCWO]?ACWB^CMTSRTOQ?ACrXzMTb]OQHJ_*LJC*Y&uIRSAC_*RfKAL [ _*RfbQb]C*_*OOQ?8CXzMTb]OQHJ_*LJC*Y
O]?AC*B-Y]C*LJC*YrsI\M [8[ HJSA{   j : ; k <  Y+ Eop OQR  Y+ + u%£:-  6&)f4484Z) ! /#6 ¥VKAOWO]?AC*S"O]?ACSAC*XzMPbQO]H_VLCVYWRKAL [ ?hM&CWYdMTB^XALJCW_*RTMPbQHNMTSA_VCiB
MTO]bQHJ`UO]?ACrzbQY]OWO]C*bQB HJSO]?AC#bQHJ{?IO?zMTS [ Y]H [ C#RTW£¢k8 mf¥
MPS [ SAROO]?AC?ARfLC#b]H{f?IO?zMTS [ Y]H [ C7>R_*Rb]bQC*_*O#O]?AHJYuACM [A[ MSARfHJYQC#OQC*b]B>RshCiX8bQC*_*HJY]CuC
[ bdM& M^YQCV_*RS [ Rfb [ CVbC*`AMT_*O!YZMTB^XALJC	= '%(  u7&&u
= #%$ ')(  MP_*_*Rb [ HJSA{
OQR
OQ?8C BMTKAY]YQHNMTS [ HJYQOQb]HJsAKAOQHJRfSHJOQ?
*CVbQR-B^CMTS8Y MPS [ _*RTMPbQHNMTS8_*C#BMTO]bQHJ`   @    n  HJO]?-LJHJSACMTb_*RfSAYQO]bZMTHJSIOQY&
#)$ '
+@4 ' = + (  j 
Y+    k  Y   op n    54 6&
MPS [  C#_*RfbQbQCV_*O#OQ?AC#XzMPbQOQHJ_*LJC*Y#MTY
 D+ ! d Y+ +(/    j : ; k <  Y+ +opL/ = + ( L) -  6+) 4484Z) ! /d6+4  54 &
>?ACVS"HJO_MTS"shC_d?AC*_d
OQ?hMTOOQ?8CXzMTb]OQHJ_*LJC*Y (D '    u%&&u (D#)$ '    ?zM&C#YdMTB-X8LCrB-CMPS (DE   MTS [YdMTB-X8LCr_*RTMTb]HNMTSA_*C#B
MTOQb]HJ` F D&   uAMPY{HJC*S
HJS£1kA Dl¥MTS [ £1kAÊm¥V
²rRO]CO]?zMTOKAb]{C*b  
£]vnnfw¥M [A[ SARfHJYQC [ HJbQC*_VOQLJ\OQRO]?AC
RsAY]C*bQMPOQHJRSMTS [ SARfOOQROQ?AC
XzMPbQO]H_VLCVYWMTYC [ RzKAOOQ?AHJYHJYC*IKAHJMTLJC*SIO Y]HJSA_*CM [A[ HS8{ M!SARHJY]C = + (  OQR : ;+ MTB^RKASIOQYOQR-M [8[ HJSA{
   = + (  O]R#OQ?AC,-&§O]?UXhMTbQO]HJ_*LJCWMTS [ OQ?ACLNMTY]ObdMTS [ RB+fC*_*O]Rb?zMTY_*RTMTb]HMPSA_*CBMPOQbQHJ`   @    n  >?ACb]CMTY]RS
OQ?zMPO C [ RURfKAb M&\HYOQ?hMTO7O]?AC#BMTO]bQHJ`   @    n  _MPS
?zM&CbdMTSALJC*Y]YuIsAKAOS8C*C*bB-RfbQCuO]?zMTSOQ?zMPOWRP @  MPS [ YQHJSA_VCUC [ bZM& RK8bWYZMPB-XALJC#YQCV_*RS [ Rb [ C*b#C*`AMT_VOQLJ\MTS [ HJOQ?"_*RfSAYQO]bZMPHSIO]Yu
O]?AHJYbZMTS8XALNM&\lYMTS-HJB^XzRfbQOZMPSIO7bQRfLCf%°rYHOHJY Y]OZMPOQC [ CMPbQLJHJC*buIO]?AC [ bZM&HJSA{HJYXzRfYQY]Hs8LCrH¨<MTS [ RS8L\
H¨O]?AHJYbZMPSA-XALJKAYO]?zMTORPO]?AC_*RfSAYQO]bZMTHJSIOBMPOQb]H`
     j  Y '    k  Y    OO8O
 Y#)$ '    k  Y    p n  54 67
[ RIC*YrSAROCV`l_VC*C [ !I
>?8C;MPszRTfCMTbQ{fKAB-CVSlO]Y MPXAXALJ\bQCV{lMTb [ LJC*YQYrOQ?AC!{lMTHJS^BMTO]bQHJ`RSAC#KAY]C*Yu8sAKAOiM!SzMPOQKAbdMTL%_d?ARfHJ_*C#HY
MTLJB
MTS-{IMTHJS%uI{fHfC*S
sI\    F Y +Un j   F Y Un / @ 8p %('  >?8HY\IHJC*L [ YrOQ?ACshC*Y]O 
MH W_*RfbQb]C*_*OQHJRfSHJSO]?AC-_MPYQC^?AC*bQC^OQ?AC^RXhC*bZMPOQRfb <  HJYLJHJSACMTb& WRTC*CVbu?AC*S <  HJYSARfSLHJSAC&MTbu
C^¢C*C*LHJOHJYszC*O]OQC*b^OQRM&RfH [ LJHJSACMPbQHJMPOQHJRS% rsAYQC*b]C [ OQ?zMPOUO]?AC-B
MTOQb]HJ_*C*Y C F Y +Un MTS [F Y   Un uzHJS"O]?ACLHJSAC&MTbW_&MTYQCfu%MTb]CUSAR^RO]?AC*b#OQ?zMPS"OQ?8CUYdMTB-X8LC#_*RTMPbQHNMTS8_*CBMPOQb]H`^RT : Y+   a 
&&Í'()+*,
v&t
<   Y+    u -  6 uA&&u@! / 6 MPS [ YZMTB^XALJC7_*b]RYQY_*RTMTb]HMPSA_*CBMPOQbQHJ`#shC*O CVC*S  Y '    uA&&u  Y#)$ '   
MPS [ : Y '  u%&&u : Y#)$ ' + >?AHJYY]KA{{fC*YQO]YWOZMPIHS8{ MPY{lMTHJS^BMTO]bQHJ`
  f   6! / 6
#%$ '
+ 4 ' j 
Y+ E k  Y+ Eop j : Y+ + k : Y  p n
  6! /#6
#%$ '
+@4 ' j :
Y+  k : Y+ Eop j : Y+  k : Y  p n / @  
%-' 4  54 &
 "  
 		  	  
  	 '        	    
¦C?zM&fC [ C*C*LJRfXzC [ O]?AHJY#zLJOQCVb-£¢a?hMTBuv&nny8u7vnfno8u%a?zMPB 	
uvnnfwMf¥WMTYM-MPbQHNMTSIOrRTOQ?AC
Y]HS8{KALNMTbC*RfLK8OQHJCC*`IO]C*S [ C [ ;MPLJBMTS^£¢F <;¥hLO]C*b#£¢a?zMPB  
JuAvnfnwPsz¥* K8O HJO7B
M&\UMTLJYQR!szC
IHJC*C [ MTYWMMTb]HNMTSIO RPO]?AC#XzMTb]OQHJ_*LJC#RbC*SAY]C*BsALJCrzLJOQC*bK8YQHJSA{-M 	CMHLM 	 	 H	 ZW RPXzMPbQO]H_VLCVY
>?8CXAbQHJSA_VHX8LC#RP<O]?ACF ±zLJOQCVbWHJYWO]RBMTfCW_*RfbQb]C*_*OQHJRfSAY#RSALJ\-HJS
OQ?8C [ HJb]C*_*OQHJRfSAY¢Rfb?AHJ_d?
O]?AC CVbQbQRfb7HJYMPB-XALJH¨zC [ RbSAROYQO]bQRS8{LJ\MTOQO]C*SIKzMTO]C [ sI\#OQ?ACYQ\IYQO]C*B [ \lShMTB-HJ_uVbQC*LJ\IHJSA{WRfSOQ?8C MPszRTfC
MPOQOQCVSlKhMTOQHJRfSUO]RifC*C*XO]?ACC*bQb]Rb7Y]BMPLLfHJSURfOQ?AC*b [ HJbQC*_*O]HJRSAY&>?AHJY<MPYQY]KAB-C*YO]?zMTO7O]?ACYQ\IYQO]C*BM [ B-HJOQY
MPSMTO]OQbZMP_*OQRfbMTS [ O]?AC # [ HJbQC*_VOQHJRS"RP _*RfbQbQCV_*OQHJRS8Y$ MPbQCOQ?AC*SOQ?8RYQC!XzMTbdMTLJLJC*L%O]R-OQ?8CUOdMTSA{fC*SIOWYQXhMT_*C
O]RUO]?ACiMPOQOQbdMT_*O]RbMTO7O]?ACMTSzMPLJ\lY]HJYY]OZMPOQCFIKA_d?-Y]C*LJC*_*OQHJfCW_*RfbQbQCV_*OQHJRS
HJY MP_Z?8HCVC [ sl\KAY]HS8{ MPSC*bQb]Rb
_*RTMPbQHNMTS8_*C#BMTO]bQHJ`RPLJRTbZMTS8 !£NsAK8OSAROLJRT C*bOQ?hMTS-O]?AC [ HJB-C*S8YQHJRSRPOQ?8CiMTO]OQbdMT_*O]RbZ¥V7eS^OQ?AC
_MPYQC?AC*b]COQ?ACVbQCHYrSARYQ\IY]OQC*BSARfHJYQCu8RSACY]HJB-XALJ\HJSAHJOQHNMTLJHJ*C*YOQ?8CC*`IOQC*S [ C [ ;MPLJBMTShLO]C*bWHJO]?
M~YQKA_d?"C*b]bQRfbi_VRTMTbQHNMPSA_*C#BMPOQbQHJ`uIOQ?8C*S"HJO_MTS szCY]?ARTS"O]?zMTOrOQ?AHJYBMPOQb]H`b]C*BMPHJSAYRT7OQ?8CYZMPB-C
bdMTSA-MPO MTLJLhLMPOQC*bOQHJB-C*Y&%>?8HYHYSARLJRfSA{C*bOQbQK8CiH¨OQ?AC#Y]\lY]OQC*B SARHJYQC 0  HYXAb]C*YQC*SIO&7>RRTCVbQ_*RfB-C
O]?AHJY [ H-_VKALJO\lu8 CshMTYQHJ_MPLJL\^XAbQR&cdC*_*O]YOQ?AHJY#SARfHY]CRSIO]R-OQ?8CUbdMTSA{fCUY]XzMT_*CRTOQ?ACC*bQb]Rb#_*RTMPbQHNMTSA_VC
B
MTOQb]HJ` MPS [ H{fSARb]COQ?ACS8RHJYQC_*RB^XzRfSAC*SIO#HJSO]?ACRb]OQ?ARf{RShMTL7_*RfB-XALJC*B^C*SIORTOQ?AHJY#YQXhMT_*C^>?AC
cdK8YQOQH¨z_&MTOQHJRfS_*RB^C*Y#¢RfbQB O]?AC§MP_*OUO]?zMTO!OQ?ACY]C*_*RS [ SARfHY]C-_*RfB-XhRSACVSlO&ushC*HJSA{ #]OQbZMPSAYQfC*bQYdMTL$-OQR
O]?AC"MTOQO]bZMP_*OQRfbu7RK8L [ shC-Y]OQb]RSA{fL\MPOQO]C*SIKzMTO]C [ sl\OQ?8CY]\IYQOQCVB [ \ISzMPB-HJ_
£J¢RfbUM"B^Rb]C [ C*OZMPHJLC [
[ HJY]_*KAYQY]HJRS%u8YQC*CUa<?zMTB  
JuhvnnfwTsz¥V
>KAb]SAHJSA{
OQR"O]?AC-Y]C*_*RfS [ Rfb [ C*bXzMPbQOQHJ_*LJCzLJO]C*buO]?AC-MTshRTC-MPbQ{K8B-C*SIOQY#Y]KA{{fC*YQOOQ?zMPORS8C-_MPS




O]?ACXzMPbQOQHJ_*LJC*Y (D '    u&&u (D#)$ '    rRT C*fC*buO]?AC-MTshRTC!zLJOQCVbbQC*IKAHJb]C*YUO]?zMTO !HJYSARfOiLJC*Y]YUO]?zMTSOQ?8CbZMTS8RP ?  X8LK8YOQ?zMPO#RTOQ?AC
B
MTOQb]HJ`  54  7 MTS [ O]?AC#bZMPSAURP    @    n  XALJKAYOQ?zMPO RP%OQ?ACrBMTO]bQHJ` *L4 6 MPS [ OQR{KzMPbZMPSlO]C*CWO]?zMTOY]KA_d?_VRS [ HJO]HRfS-HJYYZMTO]HJYzC [ RfSAC# RfKAL [ SAC*C [ OQ?hMTO!#HJYSAROLJC*YQYO]?zMTS^OH_VCiO]?AC [ HJB-C*S8YQHJRSRP%OQ?AC
Y]OZMTO]C#C*_*O]Rb&7>?AHJY7RKAL [ C*`I_*LJK [ CiB^C*OQCVRbQRfLJR{\MTS [ Rl_VCMTSARf{bdMTXA?I\-MTX8XALJH_&MTOQHJRfSAY¢Rfb7?AHJ_d?-OQ?8HY
[ HJB^C*SAYQHJRfS-_*RfKAL [ shCHJS-OQ?8CbZMPSA{C 6 6  
>RrRTC*b]_*RB^C7OQ?ACMTshRTC [ H!-_*KALJO\lu&C Y]?zMTLJLIBMPCKAY]CRTzb]C*YZMPB-XALJHJSA{zheSAY]OQCM [ RT #]_*RfbQbQCV_*OQHJSA{%$
O]?ACXhMTbQO]HJ_*LJC*Y"MTY-HJS £¢k8Êo¥*u  C"Y]HJB-XALJ\bQC [ bZM&O]?AC*BYQCV_*RS [ Rfb [ CVb-C*`AMT_VOQLJ\MT_*_*Rfb [ HJSA{ OQR OQ?ACBMPKAYQY]HNMTS [ HJYQO]bQHJsAKAO]HRfSHJOQ?B^CMTS (DE+ u [ C zSAC [ sI\ £¢kA DI¥UMPS [ _*RTMTb]HMPSA_*C
BMPOQb]H` F DE+ 
>?AHJYB
MTOQb]HJ`?zMTYOQ?8CiYdMTB^CWbZMPSA-MTY_F Y    £¢MPYHJLLhshCiY]C*C*S
LNMTO]C*bZ¥Y]RUO]?zMTORSAC#RfSALJ\USACVC [ YWO]?zMTOF Y    ?zMPYbZMPSA !£NRfbLJC*YQYd¥*>R"C*SAY]KAbQC
OQ?hMTO F Y    ?zMTYbZMPSA !Iu C^bQC*Y]RbQOOQROQ?8C-B-CVOQ?AR [




O]?AC M-SACY]XzMT_*C!YQKAXAXhRb]OQC [ sI\  Y '   k  u&&u  Y#)$ '   k  MTS [ XAbQCVOQC*S [ OQ?hMTOWO]?AHJYWHJYWO]?ACY]\lY]OQC*BSARfHJYQC²rRO]COQ?zMPOYQHJSA_*CCib]C [ bdM& OQ?ACXzMTb]OQHJ_*LJC*Y&uAC [ RS  OS8C*C [  Y ' E u&u  Y#%$ ' + uAC*`I_*C*X8O¢Rfb O]?AC#_*RB^XAKAOdMTOQHJRfSRT    HJS£¢kAÊwf¥*>?AHJYHYSARfO M!XAbQRfsALJC*BuPYQHJSA_*CUMPSMPLO]C*bQShMTOQHJfC [ CdhSAHJOQHJRSRP
   HJYXzRfYQY]Hs8LCMPS [ HLJLhszC#{fHfC*S
YQ?ARfbQO]L\I>?lK8Y C [ RS  O?zM&C#OQR [ bdM& 0!'%(  u&&u 0 #%$ '%(  °rY7OQ?8C_*RTMTb]HMPSA_*CB
MTOQb]HJ_*C*Y7HJSIRfLfC [ HJSOQ?8HY<zLJOQC*b MPLJLl?hM&CbZMPSA !IuHJOHJY7BKA_d?UB^Rb]C7C -_*HJC*SIO
_*RfB-XAK8OZMTO]HJRSzMPLLJ\OQR^ RfbQ-HJO]?O]?AC*HJbMT_*O]RbQC [ ¢Rb]BC*O szCM  ! / 68 ! 1KALJLbZMTS8B
MTO]bQHJ`
HJOQ? _*RLJKAB^SAYszCVHS8{RbQO]?AR{fRSzMPL%O]R-OQ?8CC*_VOQRb j 6O8OO#6Zpn uhOQ?8C*SO]?ACb]H{f?IO?zMTS [ YQH [ CRPi£¢k8 xf¥_MPS
szCb]HJOQOQCVS MPY  &%('  n  / ?  ?AC*b]C




Y]XzMTSAS8C [ sI\-O]?AC#_*RLJKAB^SAY RP	  >?AHJY\IHCVL [ YaF Y +b    +%-'  n  ?ACVbQC
 &%('   &%('(/#  n   + %-'  n  ?   L  n   + %('
²rROQCO]?zMTOO]?ACMTLJBMPSi{IMTHJSB
MTOQb]HJ`iHJYbF Y Un j Un F Y  (/ @ 8p %-' %>?8HYY]KA{{fC*YQO]Y OdMTIHJSA{MPY{lMTHJS^BMTO]bQHJ`uHJS^OQ?AC_&MTYQC!?AC*bQC <  HJSS8RSALJHJSACMPbuIMTY
       +%-'    n  j    n   &%('     / @  p %-'  54 
&
?ACVbQC     HJYO]?AC#BMTO]bQHJ` j <   Y '   k  O8OO <   Y#)$ '   k op >?8C*S%uAHJO]? MY]HJB-HJLNMTb£¢MPS [ OQC [ HJRKAYd¥_MTLJ_*KALNMPOQHJRS
MTYWHJS^OQ?ACUF ±zLJOQC*b&uARfSAC{CVOQYWO]?zMTOO]?zMTOF D   !     n  ?AC*bQC
   j  %('+%-' /#   n  @ %('     p %(' 4 *L46&
rC*SA_*CAF D+   ?zMPYiO]?ACYZMTB^CbZMPSA !MPY F Y    u%MPY#B-C*SIOQHJRfSAC [ CMTb]LJHCVb°rLJYQR    _MPSshCB-RfbQC




6 4844 6 O8OO 

 k 6! / 6

 6 OO8O6  6 OO8O6

 )
eS^OQ?AHJY_MTY]C  b]C [ KA_*CVYWOQR!OQ?AC#BMPOQb]H`#HJOQ?^_*RLJKAB^SAY  Y '   k  k  Y    u&&u  Y#   k  k  Y   MPS [  ! / 68  n HJY#OQ?8CU>RIC*XALJHJOQB
MTO]bQHJ`-HJOQ? !RfS"OQ?8CBMTHJS [ HNMT{fRSzMPLMPS [ k 6 RSOQ?ACRO]?AC*b[ HNMP{RShMTLJY
eO!HY#Rb]OQ?I?AHJLJCOQR
bQC*LNMPOQC-O]?AC-F e hLO]C*bO]R"OQ?AC-F  zLJOQCVb
³ARfbQBKALNM"£1kAJv¥#MPS [ £¢k8 xf¥
O]R{CVOQ?AC*bHJOQ?OQ?AC!§MP_*OOQ?hMTO#OQ?ACYdMTB^XALJC_*RTMTb]HNMTSA_*CBMPOQb]H`^RT (D ' &%('. u &&u (D ' &%('Z CVlKhMTLF DE+%-'. u8HJYWMTLJB-RfYQOOQ?ACYdMTB^CiMTYrOQ?ACr¢RfbQC*_&MTYQO#Y]OQC*X"RP7OQ?AC#C*`IOQCVS [ C [ MTLJBMPSzLJOQCVb7>?8CBMPHS
[ HC*bQCVSA_*CHJYOQ?zMPO SAR!{bZM [ HJC*SIO _&MTLJ_*KALNMTO]HJRSHJY [ RSAC#MTS [ YQRB^C¢Rb]B RT [ HC*bQC*S8_*HJSA{HJY7XzCVb¢RfbQB-C [
HJSAY]OQCM [ ¦ ?AHJLCO]?AC
_MTLJ_*K8LMPOQHJRS HJSOQ?AC
C*`IOQCVS [ C [ MPLB
MTS zLJOQC*bHJYszMTY]C [ RS LHJSAC&MTbQHJ*HJSA{ OQ?AC
&&Í'()+*,
v&x
B^R [ C*LRfXzC*bdMTO]Rb7MTb]RKAS [ (DE &%('  u&HJO%HJY%?ACVbQCszMPYQC [ RSHJSIOQCVbQXhRLNMTO]HS8{HOMTOOQ?ACXzMTb]OQHJ_*LJC*Y (D '  &%('  u
&&u (D#%$ '  +%-'  reS [ CVC [ uY]KA_d?HJSIOQC*b]XzRfLNMTOQHJRfSRK8L [ \IHJC*L [ XAbQC*_VHY]C*LJ\"OQ?8C¢RfbQC*_&MTYQOMPS [ HJOQYrC*bQb]Rb_*RTMPbQHNMTS8_*CBMPOQb]H`MTYr{HJCVSsI\£¢k8Jv¥MTS [ £1kAÊx¥V7>?zMPOWHJY?I\-O]?AChLO]C*bWHJY_MPLJLC [ HJSIOQCVbQXhRLNMTO]C [ 
>?ACMPSzMTLJ\IYQHJY7Y]OQC*X
HJY O]?ACWYdMTB^CiMTYHJSOQ?ACF   zLJOQC*b&uAC*`I_*CVXAOQC [ O]?zMTOOQ?AC#LJHJSACMPbQHJMTO]HJRSRT <  HY
MPLY]R-M&RfH [ C [ 
 "   
 		 ' 	         	   




HJSRb [ C*bOQ?zMPOUO]?AC #]bZMPSA
_*RfS [ HJOQHJRfSAY$#_MTS







MTOQb]HJ_*C*Y   k  MTS [     _*RKAL [ szC#C*LJL%MTXAXAb]RT`IHB
MTO]C [ sI\BMTO]bQHJ_*C*YRTYQRfB-CWLJRTbdMTSA ! fuAYZM&\I¦C#HLJL_*RSAY]OQb]KA_*O#YQKA_d?MPXAXAb]RT`lHJB
MTOQHJRfSOQ?Ab]RKA{f?"OQ?AC!YQHJSA{K8LMPbMTLJKAC [ C*_VRB-XhRY]H¨
O]HRfS£¢Fip#¥* WS8CU_MPS%u8¢RbCV` MPB-XALJCu8bQHJOQC    k _ 	 n ?AC*b]C  MTS [  MTbQC!BMTO]bQHJ_*C*YHJOQ?_VRLJKAB-S8YWRTWK8SAHJOiS8RbQB MPS [ RfbQO]?AR{fRSzMPL7CMT_d?O]R"OQ?ACRfOQ?ACVb MPS [  HJYM [ HNMT{fRSzMPLB
MTO]bQHJ`
£Ù_*RSIOZMPHJSAHJSA{UO]?ACWY]HJSA{KALNMPb MPLK8C*YZ¥V%° bdMTSA ! #MTX8XAbQRT`IHJBMPOQHJRS    k  O]R    k  HJYOQ?ACVSRfsAOZMPH¨SAC [ sI\XAKAOQO]HJSA{OQR-t!OQ?AC [ HNMT{RfSzMTLhC*LJC*B^C*SIOQYRT  RO]?AC*bWO]?zMTS
O]?AC>! #LNMTbQ{fC*YQO&e17OQ?AC#_*RTMPbQHNMTSA_VC
B
MTOQb]HJ`A?  HJYWRP<bdMTSA ! 
 ! k ! fuzO]?AC*S"HJOrHYXhRY]YQHJsALJCO]R [ bdM& 0 ')(  u&&u 0 #)$ '%(  YQC*_VRS [ Rb [ C*bC*`AMP_*OQLJ\-HJO]?-LJHJSACMTb_*RfSAYQO]bZMTHJSIOQYshMTYQC [ RfS   k  HJSAYQO]CM [ RP   k  e1SARfOuICcdKAY]OWMTXAX8bQRT`IH¨B
MTOQC ?  sI\
MB
MTOQb]HJ`RTbZMTS8A! 
 ! k ! f7FIHJB-HJLNMTbQLJ\u&C#bQC*XALNMP_*C#OQ?AC#_*RfSAYQO]bZMTHJSIOBMPOQb]H`  sI\"MbdMTSA ! MTXAXAb]RT`IHB
MTO]HRfS   We17OQ?8CUB
MTOQb]HJ`   @    n  ?zMTYrbZMPSA !  
 ! k ! u8RSAC_MPSMP{lMTHJS [ bdM& = ')(  uh&&u = #)$ '%(  YQCV_*RS [ Rfb [ C*bC*`AMT_VOQLJ\UHJO]?OQ?ACrLHJSAC&MTb7_*RfSAYQO]bZMPHSIO]Y szMPYQC [ RS     e1 S8RORS8C RfKAL [ MTXAXAb]RT`IHB
MTO]C    @    n  sI\MBMPOQb]H`RP7bZMTS8 !  
 ! k ! f°WXAX8bQRT`IHJBMTO]HJRSAYO]R-M_*RTMPbQHNMTS8_*CWB
MTOQb]HJ`BM&\szC#RfsAOZMPHS8C [ O]?AbQRfKA{?
MTS
C*HJ{C*S  [ CV_*RB^XzRfYQHJOQHJRS%³ARfb CV` MPB-XALJCufRS8C
_MPSb]HO]C ?    n ?ACVbQC  HJYUMTSRfbQO]?AR{fRSzMPL B
MTOQb]HJ` uhO]?AC-_*RfLJKAB-SAY!RT?AHJ_Z?MTb]COQ?AC
C*HJ{fC*SIC*_*O]Rb]Y-RT ?  HJO]?CVH{fC*SIMTLJKAC*YOQ?8C_VRbQb]C*YQXhRS [ HJSA{ [ HNMT{fRSzMPL C*LJC*B^C*SIOQYRT#OQ?AC [ HNMT{fRSzMPL
B
MTOQb]HJ`  >?ACVS"XAKAO]OQHJSA{OQ?8C [ HNMT{fRSzMPLC*LJC*B-C*SIO]YRT  RfOQ?AC*brOQ?zMPS
OQ?AC !  LNMTb]{C*Y]OOQR
t\lHJC*L [ YWM
bdMTSA8!  MTX8XAbQRT`IHJBMPOQHJRTSUO]RA?  
>?8CiMTshRTCB^C*OQ?8R [ b]C*IKAHJbQC*YO]?AC#_d?ARHJ_*CrRT%RTOQ?Ab]C*CMTXAX8bQRT`IHJBMTO]HJRSbdMTSAIY"! u!  MTS [ !   MTS [







k8 x8,C*O ±shC#OQ?ACYdMTB^CWBMPOQb]H`MTY [ CdzSAC [ OQ?AC*b]CUMTS [ XAKAO
 f j  Y ' E O8O8O  Y#%$ ' +op  )  &%('b j  ! / 68  n  p %(' 4
>?ACVS    BM&\shC_*RfB-XAK8OQC [ MTYrHJS £1kAÊw¥s8KAOWHJOQ?  &%(' bQC*X8LMP_*C [  +%-' MPS [  Y+   k  £NHJS
OQ?AC[ C zSAHJOQHJRS




    
     	 @    	 	  "    	 
  '     	 '.    	 	   '
eSRKAbrCMTb]LJHCVbiY]OQK [ HCVY £1a?zMPB  








Y]C*SAYQHJO]HfC"OQRO]?AC"HJSAHJOQHNMPL _*RfS [ HJOQHJRfS%u7?ACVSA_*C"b]C*LJ\lHJSA{O]RIRBKA_d?RSOQ?AC B-R [ C*L_*RK8L [ LJCM [









Rb]CUXAb]C*_*HJYQCVL\Iu CbQC*X8LMP_*CuHJS"OQ?AC1RbQBK8LM^£¢k8Êw¥WMPS [ £¢kAÊnf¥*u @  sI\	 @ 
?ACVbQC
HJY#MXzRfYQHJOQHJC!_*RIC -_*HJC*SIO#SAROr{bQC&MTOQCVbiO]?zMTS v²rROQC!OQ?zMPOWbQCVXALNMT_*HJSA{ @  HJS£¢kAÊnf¥RKAL [
\IHJC*L [ O]?AC-YdMTB-Cb]C*YQK8LOMTYbQCVXALNMT_*HJSA{  &%(' sl\  +%-' ? h">?ACVbQCd¢RfbQCuHJSOQ?8C-_MPYQC
RTWO]?ACF <e
zLJO]C*bu8OQ?AC#{lMPHJSBMTO]bQHJ`_MPS
YQOQHJLJLhszC#_*RfB-XAKAO]C [ MPY        @ %(' sAKAOHJOQ? C SART{HJfC*S-sI\
j   %-'&%(' /     @ %-'   on  p %(' MTS [ S8ROU£1kAJvtf¥*KAO#?AC*b]CUCRSALJ\-_d?zMPSA{COQ?8C M&\
O]?ACU{IMTHJSB
MTOQb]HJ`-HJY#_*RB^XAKAOQC [ MTS [ SARfOiO]?AC!¢Rb]C*_MTY]OC*b]bQRb!_*RTMTb]HMPSA_*CB





O]?AC#¢RfbQBKALNM£¢k8 mf¥ MPS [ OQ?AHJY\IHJC*L [ YuAM ¢OQCVbYQRB^CWO]C [ HJRKAYWMPLJ{C*sAbdMA
F D E      j  l  %('&%(' /#   n  @ %('   , p    n 
b?AC*b]C   HJY MPY MPszRTfC¦C¢C*CVLzO]?zMTOOQ?ACrXAbQCVYQC*SIOiMPXAXAb]RlMT_d?HJYB-Rb]C YdMTO]HY¡§MT_VOQRb]\OQ?ACVRbQCVOQHJ_MTLJLJ\
O]?zMTSO]?ACCMTb]LJHCVbRSACfu%Y]HS8_*C CRfSALJ\"_d?zMTS8{COQ?AC^{lMTHJS"B
MTO]bQHJ`
HY#_*RfB-XAK8OQC [ MTS [ S8ROQ?8HS8{CVLY]C
£  KAOHJSRfKAb Y]HJBKALNMTOQHJRfSAYOQ?AC*HJbXzCVb¢RfbQBMPSA_*CWMPbQC#IKAHJOQCWY]HJB-HJLNMTbÊ¥ eSA_*H [ C*SIOZMPLJL\IuTHJS-O]?ACW_&MTYQC#RP%OQ?AC
£ÙYQHJSA{K8LMPbZ¥YQC*_VRS [ Rb [ C*bXzMTb]OQHJ_*LJCzLJOQCVbuIOQ?8C = + (  MTb]CWYQO]HJLLhshC [ bdM&SMT_V_*Rb [ HJSA{OQROQ?8CW_*RTMPbQHNMTSA_VC
B






B^R [ H hC [ {lMPHJS;MPY7MTshRTCuTCBM&\WLJC*OYQRfB-C7B^RbQCRsAY]C*bQMPOQHJRSCVbQbQRfb7C*SIOQCVb7OQ?ACMTShMTLJ\IYQHJY%fC*_*OQRfb7sAKAO
C#bQC [ K8_*CUO]?AC#bQHJYQ^RTzLJOQCVb [ HJC*b]{C*SA_VCuAshC*_MPKAYQC C#XAK8LLO]?AHJYC*_VOQRbrOQRTMTb [ OQ?8CRsAY]C*bQMPOQHJRS
>?8C*bQCHJY;M [ H!-_*KALJO\




YQ\IY]OQC*B¤SARfHY]C£*? A  ¥
MPS [ OQ?AC
Rs8YQC*b]MTOQHJRfSS8RHJYQC
HJYURPOQ?AC^¢RfbQB @ m  l @  HJOQ?MC*b]\YQB
MTLJL7Y]_MTLJC
§MP_*OQRfb  l 
>?ACVSHJS"O]?ACUXhMTbQO]HJ_*LJCzLJO]C*bu%MPLJL%XzMPbQOQHJ_*LJC*Y&uC*`I_*C*X8OOQ?ACRS8C¢RfbW?AHJ_d?"O]?ACURfsAYQCVbQMTO]HJRS"RfXzC*bdMTO]Rb
\IHJC*L [ Y7O]?AC_*LJRY]C*YQO7MPLJKAC O]R#OQ?ACRfsAYQC*b]MTO]HRfS%uTRKAL [ bQC*_VC*HJCSAC*{fLJH{fHJsALJC7XAbQRfszMTs8HLJHJOQHJC*Y£ÙYQC*C¢RfbQBKALNM
£1xAÊy¥]¥*>?AC*bQC ¢Rb]CiO]?ACWMTShMTLJ\IYQHJY7C*b]bQRb_*RTMTb]HMPSA_*CB
MTOQb]HJ`-£¢x8 wf¥ RfKAL [ shCiMPLB^RY]O%*C*b]Rz>?ACrYZMPB-C
O]?AHJSA{
?zMTXAXhC*SAY!HS OQ?AC-F <e zLJOQC*b&r¢Rb#fC*bQ\"Y]BMPLL  uOQ?8CUB
MTOQb]HJ`   HS £¢kAJv&t¥RK8L [ bQC [ K8_*C
O]R  l j   on  @ %-'     p %-' uXAb]RTlH [ C [ OQ?zMPOiO]?ACLNMTO]C*bHJY#HSIfC*bQO]Hs8LCfUe1WHJO#HJY#SARO&uRSAC_&MTSYQO]HJLLY]?ART OQ?zMPO;M ¢OQCVbYQC*fC*bZMPL MPSzMTLJ\IYQHJYrYQOQCVX%uOQ?ACBMPOQb]H`   HJLJLszCV_*RB^CURP O]?ACYZMPB-CRb [ C*bUMTY  l
MPS [ ?AC*SA_VCWYQR#HJY F DE+ >?ACshC*?zM&IHJRbRP O]?ACYQC*_VRS [ Rb [ C*b7XzMPbQOQHJ_*LJCWMPS [ O]?ACC*SAY]C*BsALJCzLJOQCVb<MPbQC
B^RbQC#Y]KAsAOQLJC  K8OWHJY_MTS









O]?AC# M&\OQ?ACV\MTb]C#_*RB^XAKAOQC [ uRfSALJ\Ub]C+zC*_VOQYWO]?AC#C*bQb]Rb_*RfB-HJSA{r¢b]RBO]?ACWY]\lY]OQC*BMTS [ Rs8YQC*b]MTOQHJRfS
SARfHJYQC*Y&uIsAKAO7RfOQ?AC*bIHJS [ Y7RP%C*bQb]Rb?zM&CshC*C*S^H{fSARb]C [ >?AHJY7HJSA_VLK [ C*Y7O]?AC [ HJY]_*bQC*O]CMTXAXAb]RT`IHB
MTO]HRfS




MPS [ RfsAYQCVbQMTO]HJRSSARHJYQC-MPbQCfC*bQ\"Y]BMPLLu8OQ?AC-MPszRTfCUIHJS [ Y#RTC*b]bQRb!_MTSSAR
LJRS8{C*b#shCSAC*{LJC*_VOQC [
MPS [ O]?ACWMTSzMPLJ\lY]HJY7C*bQb]Rb_*RTMTb]HNMTSA_*CB




²rRO]CiO]?zMTOOQ?8CMTLJBMPSU{IMTHJS-HJYSAROb]CMTLJLJ\-MC*_*O]C [ sI\-O]?AC#YQBMPLJLASARHJY]CiX8bQRs8LCVB°WYWMTb]{KAC [
MPszRTfCuOQ?8CBMTO]bQHJ`   MTS [ ?ACVSA_*C-O]?ACMTSzMPL\IY]HYMPS [ 1RbQCV_MTY]OC*bQb]Rb_VRTMTbQHNMPSA_*CBMTO]bQHJ`uhHS OQ?AC
LJRS8{ib]KAS%ufHJLLIshC*_*RfB-CRTOQ?8CYZMTB^C7Rb [ C*bMTYOQ?8CWYQ_&MTLJC§MT_VOQRb  l HSOQ?8CSARHJYQC_VRTMTbQHNMPSA_*CBMTO]bQHJ`
>?IKAY&uWLJRIRIHJSA{MTOOQ?8C"¢RfbQBKALNM£1kAÊn¥!1Rb-O]?AC"{IMTHJSBMTO]bQHJ`u7RfSAC"YQCVCO]?zMTO  l _MPSA_*C*L#RfKAO eO
¢RfLJLRTYO]?zMTO#O]?ACUCV`lO]C*S [ C [ ;MPLJBMTS^zLJO]C*bMTS [ O]?AC-F < zLJOQC*bMPbQCSAROMC*_*O]C [ sI\
OQ?ACYQB
MTLJL
SARfHJYQCXAb]RsALJC*BuTC*`I_*C*XAOOQ?hMTO7O]?ACzLJO]C*b7C*b]bQRb_*RTMPbQHNMTSA_VCBMTO]bQHJ`#OQ?ACV\XAbQR [ KA_VCWRKAL [ szCrOQRIR#LRT
rRT C*fC*buO]?AChLO]C*bQY!_*RSAY]H [ C*bQC [ HJSOQ?AHJYXhMTXhC*b MPbQCszMPYQC [ RfSM
YQCVOURP XzMPbQO]H_VLCVY?AHJ_d?YQ?ARfKAL [
?zM&fCOQ?AHJYBMPOQb]H`MPY_VRTMTbQHNMPSA_*CBMTO]bQHJ`u&?AC*SA_*CrOQ?ACVYQCXzMPbQOQHJ_*LJC*Y RfKAL [ _*LJKAY]OQC*bOQRIR#_*LJRY]C*LJ\UMTb]RKAS [
O]?AC*HJb7B-C&MTSAY&°WY7MTb]{KAC [ szCd1RbQCfuHJSO]?ACLJHB^HJOQHJSA{7_MPYQCRP SAR#SARfHJYQCuTO]?ACYQC*O7RP XhMTbQO]HJ_*LJC*YHLJLIYQ?8bQHJSA
O]R-MYQHJSA{LJCrRSAC
>RrRTC*b]_*RB^C7OQ?ACWMPszRTfC X8bQRs8LCVB  CXAb]RXhRY]CSAROOQR#KAY]CWMz`IC [ Y]_MTLJC§MT_VOQRb  l sAK8O M [ MPXAOQC [
HJO [ KAb]HJSA{UO]?AC#zLJO]C*bWMTLJ{RfbQHJOQ?8B O]RbQC+hC*_*O#OQ?AC#O]bQKAC#hLO]C*bC*b]bQRb]YFIXzCV_*H¨z_MTLJLJ\IuI C#C*Y]OQHJBMPOQC#HJO MPY
 l   l&%(' /dS6 k   n @
%('   k  l&%(' 




XzMPbQORP OQ?8CzLJOQC*br¢RfbQC*_MPYQOCVbQbQRfbUMTY#C*LJL WRTC*fC*buRfKAb#XAbQRI_*C [ KAbQC^?zMTY!OQ?ACM [ MPSIOZMT{fCRTYQO]HJLL





>?ACrYQHJBKALNMTO]HJRSHJYszMTY]C [ RfS-OQ?8CiRfbQC*S8WB-R [ CVL [ C zSAC [ sl\O]?ACWY]\IYQOQCVBRT [ H C*b]C*SIOQHNMTLhC*IKzMPOQHJRSAY
N ? N   9+  k  ) N  ? N    ! k	   k 5) N  ? N     k	
 4
HJOQ? _*RIC -_*HJC*SIOQY#_*LNMTY]YQHJ_MPLLJ\
_d?ARY]C*SMTY 9  6 u/!  2  u 
   ?   >?AHJYWYQ\IY]OQC*B RT7C*IKzMTO]HJRSAYrHYHJSIOQC*{fbZMPOQC [ sI\
OQ?ACC*LJLISARTS ¢RfKAbQO]?"Rb [ C*bUg KASA{C §#KAO]OZM^BMPOQ?AR [ u8HO]?MTSHJSIOQC*{fbZMTO]HJRS"Y]OQC*X
t8 tftm8 rsAYQCVbQMTO]HJRSAY#MTbQC#B






O]?zMTORs8YQC*b]MTOQHJRfSUMTb]C7BM [ CB-Rb]C¢b]C*IKAC*SIOQLJ\IuO]RW_*RfB-XhC*SAYdMTOQC<¢RbOQ?AC§MT_VO%OQ?hMTORSALJ\  _*RIRb [ HJSzMTO]C
MPS [ SARO#O]?AC¢KALJLYQOdMTOQCfC*_*O]RbHJYRfsAYQC*b]C [ >?ACzLJOQCVbXzCVb¢RfbQBMPSA_*CHJLLshCB-CMPYQKAb]C [ sl\ OQ?AC










Particle filter (50 particles)
obs. variance 2, resampling thresshold .3, coefficient .5





Particle filter (10 particles)
obs. variance 2, resampling thresshold .15, coefficient .7





Particle filter (200 particles)
obs. variance 2, resampling thresshold .5, coefficient .45
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Ensemble filter (10 members)
obs. variance 2, forgeting factor 1







Ensemble filter (10 members)
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Ensemble filter (5 members)
obs. variance 2, forgeting factor 1







Ensemble filter (50 members)
obs. variance 2, forgeting factor .8
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2nd order particle filter (5 particles)
obs. variance 2, forgeting factor 1







2nd order particle filter (5 particles)
obs. variance 2, forgeting factor .7
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2nd order particle filter (10 particles)
obs. variance 2, forgeting factor .7







2nd order particle filter (4 particles)
obs. variance 2, forgeting factor .5
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Obs. variance 2, forgeting factor 1








Obs. variance 2, forgeting factor .6
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